INTRODUCTION
Diverse explanations have been offered for the enormous numbers of sperm¬ atozoa ejaculated by many species of animals (review by Cohen, 1971) . Parker (1970) , among others, has suggested that males which produce large numbers of spermatozoa are at a selective advantage when several males mate with each female, and therefore that sperm numbers will rise in the course of evolution. Some workers have proposed the view that the huge numbers overwhelm defences designed primarily to protect the open female tract against bacterial invasion (e.g. Gohen, Jean, 1969) . Others (e.g. Restall, 1967) suggest that spermatozoa might lose their way in the circuitous female genital tracts. All these explanations use 'force of numbers' in different ways, but all imply that any individual spermatozoon which arrives at the egg can fertilize it.
A second class of explanation involves timing. Delays are apparently neces¬ sary in mammals, for sperm capacitation and often for maturation of the ovum. Austin (1965) has proposed that the various barriers in the female tract result in a continuous trickle of a few spermatozoa to the fertilization site. The enormous reservoir ensures that the trickle persists until the eggs are available. This avoids too many spermatozoa around the egg, which might cause polyspermy or even digestion of the whole vitellus (e.g. Adams, 1969) . This theory also implies that any ripe spermatozoon that meets the mature egg can fertilize.
The third class of explanation supposes that spermatozoa differ, only a very small proportion being acceptable gametes and these being the few which are allowed by the female tract to reach the fertilization site (e.g. Cohen, 1967) . Spermatozoa produced with defects introduced during spermatogenesis remain in the ejaculate because selection is left to the female. The total number ejaculated would necessarily be at least the reciprocal of the fertile proportion, e.g. if only a thousandth are acceptable gametes, then more than a thousand must be offered. This class of explanation sees the surviving spermatozoa as an acceptable minority, the defective majority having been separated from them in the female tract.
What occurs in the female tract of the mammal varies greatly between species, but all restrict sperm numbers at the fertilization site.
In the rabbit, ovulation follows 9 to 13 hr after mating (Harper, 1963; Adams, 1972) . About 10 hr is needed for optimum sperm capacitation (Soupart, 1967; Bedford, 1970) . The number of spermatozoa deposited in the cervical end of the vagina is about 6 IO7 to 2-0 IO8; Mann (1964) gives a mean of 1-5 IO8. The number negotiating the cervix is apparently small, as the number in the uterus rises slowly to a maximum of some 4 IO6 about 8 to 10 hr after coitus ; the numbers in the oviducts are much smaller, a few thousands (Braden & Austin, 1954; Morton, 1970) . At ovulation, some hundreds of spermatozoa at most are in the oviducal ampulla, and it must be some of these which fertilize.
About 4 hr after coitus, there is a massive invasion of the uterine lumen by leucocytes. A small number, probably about 1 106, may be found in the uterus before coitus, but the new arrivals number 1-0 107 or more. A large proportion of the spermatozoa are subsequently found attached to macro¬ phages and many are engulfed (e.g. Bedford, 1965 Bedford, , 1970 . This phagocytosis is associated with antibody coating of the spermatozoa (Symons, 1967 ; Edwards, 1967; Bedford, 1970) . Nevertheless, the number of spermatozoa in the uterus remains steady, or rises slightly until about 10 to 12 hr after coitus, when there is a fall, and by 15 hr (2 hr, or so, after ovulation) only 0-5 IO6 at most can be found. A few motile spermatozoa seem to persist, even up to 90 hr after coitus (Morton, 1970) Table 2 , are numbers of spermatozoa/offspring for each route. Usually only two sources of spermatozoa were mixed and inseminated.
A method was developed to separate spermatozoa which did not stick to globulin. Blood was drawn from the heart of filter does, and the serum was kept at 4°C overnight; then the globulin fraction was precipitated using chilled saturated ammonium sulphate of equal volume. This was centrifuged at 9500 g for 20 min, dialysed against glass-distilled water and stirred at 4°C until 2 % barium chloride gave no turbidity with the dialysate (about twenty 2-litre changes in 6 hr). Globulin Semen samples were now collected from bucks of the two breeds which had not been used at first. One sample was washed in Medium 199 as described above, the other was allowed to percolate slowly down the glass-bead column.
The filter doe was then (about 15.25 to 15.35 hours) overdosed with 5 to 10 ml Nembutal in the ear vein and exsanguinated from the heart so that there would be less likelihood of blood contamination of the sperm samples and to provide globulin for the following week's experiment. Throughout, body temperature was not allowed to fall as this provoked uterine contractions and the recovery of large, presumably spurious, numbers of spermatozoa from the tubes. The abdomen was opened, and the uterus and tubes were exposed and clamped with artery forceps at the uterovaginal and both uterotubal junctions, usually within 1 min of cessation of heart-beat. Each oviduct was dissected free of associated connective tissue after filling to distension through the funnel with warm HEPES-buffered Medium 199 (usually 1 ml) and clamping with an artery forceps. Fat was carefully removed, with a cotton bud, from the uterine end of a 2-cm segment of the tube, and this was cut and allowed to drain into a 4-ml glass receiver; air was then blown through the tube to flush it, and usually the same medium was flushed through again. The same medium was usually also used for the other tube. Both uterine horns were then flushed, using about 2 ml Medium 199 and 2 ml air to assist recovery of the liquid.
J. Cohen and Samples (0-02 ml) from the unselected, 'chemically selected' and uterine sperm suspensions were diluted according to different protocols, and one 0-02-ml drop of each final dilution was dried on each of three chemically clean slides. The oviducal flushings each provided three 0-02-ml drops directly, without dilution. These were then stained in Casaret's stain (Casaret, 1953) , rinsed, air-dried, and permanently mounted in DPX. Spermatozoa were counted only if the female littered, and after the paternity had been assigned ; the original sperm numbers inseminated were calculated from counts of the three slides, the volume inseminated and the dilution protocol. Cohen (1971) Only about a quarter of the does kindled, and since more than enough spermatozoa were always inseminated, we know that recipient females who produced no progeny were failures in experimental techniques. We will discuss, therefore, only those experiments which resulted in progeny. There was a notable lack of 'unselected' offspring accompanying the few 'selected' offspring in some cases (Exp. 215); ample unselected spermatozoa were inseminated.
Three factors could account for the high numbers of'unselected' spermatozoa apparently required per offspring produced. Firstly, Overstreet (1970) found that the same numbers of spermatozoa inseminated in reduced volumes (to 0-01 ml) gave better results, but he inseminated by way of the fimbria; we usually inseminated about 1 ml directly into the uterus. Secondly, Adams (e.g. 1969) (Napier, 1961) (Morton, 1970) .
Unless 'super-capacitation' leading to 'super-fertility' is possible, of which there has been no hint in the literature (e.g. Bedford, 1970) , we have shown that as spermatozoa are destroyed in the female tract, fertility is not lost proportion- (Orgebin-Crist, 1969; Bedford, 1970) demonstrating the requirement for maturation of spermatozoa in the male tract and it is probable that many ejaculated spermatozoa are not properly mature. The requirement for physio¬ logical capacitation in the female tract is also agreed, but many spermatozoa seem to undergo their acrosomal changes while still very far from the egg (Bedford, 1970) (Racey, 1969) and male guppy (Billard, 1969) (Cohen, Jack, 1967 , 1973 The third puzzling area is that of 'external fertilization'. Presumably, some species using this method select spermatozoa in their passage through such egg coats as the albumin in the frog, or by agglutination as in the sea urchin (Cohen, Jack, 1969) .
These are clearly puzzling problems for any theory of sperm number; we believe that future explanations must be based on selection of spermatozoa by the female.
